Process safety and risk management systems are implemented to reduce injuries and process incidents [8] . The effectiveness of these systems is dependent on the company's implementation and support for Operational Discipline (OD)-related programs to ensure that the Process Safety Management (PSM) system requirements are rigorously followed day-to-day at all levels of the organization [8] . However, OD-program-related problems continue to contribute to process incidents of Loss of Containment (LOC), especially since they may not be formally addressed during incident investigations [8] .
Statement of the Problem
Loss of containment resulting from oil spills and other causes has been a major problem in Nigeria. The Niger Delta in particular is afflicted with massive oil spills. During October, 1998, an explosion and leak flooded a large part of the village of Jesse, killing more than 700 people; two years later, two pipeline explosions in southern Nigeria killed 300 people [40] [3]. Large oil spills have turned large areas of the Ogonis' homeland into wastelands. In mid-2001, for example, a United Nations Internet page described Yaata, an Ogoni village [3] , where "dying vegetation in various shades of ochre stretch as far as the eye can see, poisoned by soil turned soggy and a dark, greasy hue since crude oil began seeping through over a month ago." On April 29, at the Royal/Dutch Shell Yorla oil field [3] , a "quake-like tremor sent shockwaves onto Yaata and surrounding villages." [41] . Within minutes, before people could guess the cause, jets of crude oil were already shooting up 100 meters, raining on the surroundings. The oil plume was quickly followed by strong fumes of natural gas, as the people of the village ran for their lives [3] . The rapidly resulting streams of crude oil swamped neighboring farmlands, forests, streams and rivers [25] . People in the areas pervaded by the fumes complained of breathing difficulties, in a number of cases combined with cough and runny noses [3] . The village became uninhabitable [3] . Their maize, cassava and yam crops were stained with crude oil, wilted and dying. Much of their livestock had either died or was dying from eating polluted vegetation and drinking contaminated water. Dead fish rose to the surface of creeks and ponds [41] [3]. In the meantime, the spilled oil seeped further into the earth, contaminating underground water for miles around [3] . In yet another occasion, People living in the community of Ogbodo, on the banks of the Miniamu River, were engulfed with irritating odor and itching every morning [3] and could no longer drink from the river which is their major source of water supply due to oil spill. All these are to mention but a few of problems resulting from loss of containment in the petroleum industry in Nigeria generally and in Niger Delta Particularly. Hence it is imperative to prevent loss of containment in the petroleum industry and therefore risk assessment and consequence evaluation is inevitable.
Objectives of the Study
The objectives of the study were:
 To identify and recognize hazards associated with loss of containment.
 To model and simulate a model for risk assessment and consequence evaluation of loss of containment.
 To carryout risk assessment of loss of containment and evaluate their consequences by classification and ranking.
LITERATURE REVIEW
In the recent past, the quantity of crude-oil extracted and transferred between points of production, processing and distribution or export terminals has greatly increased as the demand of and dependence on oil increased. Although this increase in production level contributes to the national economic growth it also presents increase in potential for environmental pollution and degradation resulting from loss of containment. Experience has shown that oil spills in the environment holds negative consequences. Apart from the problem of air pollution and vegetation loss, there is reduction in the use of aquatic resources and soil degradation. Intricate and widespread pipeline network are all over the Niger Delta region, which is the hub of Nigeria's crude-oil extraction and production. It has been observed that thousands of barrels have been spilled into the environment through loss of containment from oil pipeline leaks and storage facilities overflow or failures in Nigeria.
The major cause of loss of containment is pipeline damage and leakage which can differ ranging from material defects and pipe corrosion to ground erosion, tectonic movements on the sea bottom and contact with ship anchors and bottom trawls [15] particularly in the offshore operations while vandalism is observed as the substantial cause of loss of containment resulting from pipeline damage onshore in Nigeria [39] .
In a related effort to effectively manage loss of containment in Nigeria, a co-operative of oil industry operators known as Clean Nigeria Associate (CNA) was formed in 1981 [7] , which amongst others, maintains the required capability for loss of containment emergency response within the 1st and 2nd Tier spill response system of its members [39] .
Nigeria as a signatory to the international convention on Oil Pollution, Preparedness and Response Co-operation [26] that focuses on the responsibility of member states to establish a national system or plan for responding effectively to oil pollution incidents, developed a National Oil Spill Contingency Plan (NOSCP) [21] , which was revised in 2003 and reviewed in 2006 [29] . The Government established the National Oil Spill Detection and Response Agency (NOSDRA) in 2006 as part of its effort in implementing the NOSCP [39] .
The National Oil Spill Detection and Response Agency (NOSDRA) [31] is charged with the responsibility of implementing the National Oil Spill Contingency Plan (NOSCP) for Nigeria in line with the international convention on Oil Pollution, Preparedness and Response Co-operation, which Nigeria is a signatory [18] . The agency is also empowered to timely, effective and appropriate response in terms of necessary equipment and resources to protect threatened environment and facilitate clean up of affected sites to the best practical extent [20] including remediation and restoration [39] .
The primary roles of the Agency among others include:  The Agency has the responsibility to strengthen the national capacity and regional action to prevent, control, combat and mitigate marine pollution [20] .
It is therefore regrettable that despite all these efforts and strategies put in place by the Nigerian Government and Oil Industry Operator oil spill/loss of containment incidences still occur unabated [39] .  The Escravos loss of containment of about 300,000 barrels in 1978;
 The oil blowout of 1980. In the spillage which involves Texaco Oil Company, over 400,000 barrels of oil loss of containment spread through the Niger Delta region polluting about 1,200km² [7] . In the disaster about 180 people died while 300 people contacted various illnesses through drinking of polluted water and eating contaminated food [42] [7] .
 Another recounted incidence of loss of containment occurred in 1986. It was estimated that major creeks and villages were affected by the spillage [7] . In this loss of containment incident, several thousand of barrels of oil were lost and economic activities were paralyzed in the affected regions.
The damage done to fishponds, nets and traps was put over 2 million Naira [42] [7] .
 Mobile loss of containment of crude oil of 1998 polluted waters from Akwa Ibom State in the South to Lagos State in the West. It was observed that the loss of containment was over 40,000 barrels of oil to the environment [7] .  The Jesse loss of containment incident of 1998, which resulted in a fire that claimed over a thousand lives and ravaged the fragile ecosystem [24] [39] .
Risk
The "risk" is the product of consequence and likelihood of each scenario [1] of an unwanted event.
The risk for each scenario can be combined by specific areas or for the whole facility to obtain desired risk profiles. The risk is calculated using event and fault trees that take into account safety and mitigation systems [12] [31] .
Risk Tolerance
After the risk is calculated, the results must be compared to either governmental or company criteria to determine if the risk is tolerable [1] . This means that the risk is at a level people are generally willing to accept [1] . If the level of risk does not meet the "acceptable" risk criteria, then additional mitigation may be required [1] . The options for reducing the risk are selected and the analysis recalculated to determine the impact on the risk [1]. In some cases, the options provide significant risk reduction, whereas others have little impact on the risk [1]. One concept that is being used extensively is as low as reasonable practical (ALARP) [1] . This concept suggests that, at some point, the cost to mitigate a hazard is so high that it is no longer practical to implement the option. Cost-benefit analysis can be used to determine if ALARP has been achieved [1] [31] .
The Use of Risk Assessment
Risk assessment is a process where the results of a risk analysis are used to make decisions, either through a risk ranking of hazard reduction strategies or through comparison to target risk levels and cost-benefit analysis [1]. Risk assessment techniques can be used to determine [1] the loss of containment prevention required methods for a given hazard by conducting an analysis or calculations to define the [1] loss of containment prevention required to mitigate the hazards. The process consists of a series of steps [10] . Each step in the risk assessment process is discussed in the following sections [1] [31] .
Hazards Analysis
The first step in any risk assessment is to conduct a hazard analysis [10] . The hazard analysis techniques used to identify potential hazards in the process [10] and facility. Typical facilities where hazard analyses are performed include refineries, storage terminals, gas plants, platforms, floating production/storage and off loading floating storage etc, or any combination of these [10] . However, this approach can be used for Liquefied Natural Gas facilities, gas turbine generator stations, power plants or practically any type of energy-production facility [10] .
The outcome of a hazard analysis is a list of potential hazards [10] that may result from loss of containment. A partial list could include jet fire, pool fire, explosion [1], vegetation loss, loss of lives and property etc. The list would also include the corresponding location where each could occur [12] . These hazards can then be turned into scenarios for further analysis. A common mistake is to list just the hazards, where as a scenario is a series of events that need to occur to create a hazard [12] [31] .
Consequence Analysis
Consequence analysis is the process used to determine the impact or magnitude of the scenarios [1].
In assessing the consequences, there are two very important questions that must be addressed [1]:
 What is the range in size of the events that can occur?
 What is the impact of the event?
In performing any consequence analysis, analytical tools can be very useful in determining the consequences of a scenario. In most cases, each scenario will have a variety of conditions that need to be evaluated in the consequence analysis [1]. This includes factors such as the size of the release, orientation of the release, temperature and pressure of the operation, and weather conditions (that will all vary) [1] . The impact of these variables on the results and the behavior of the release must be taken into consideration during the modeling [1].
A question that often arises during the consequence analysis is how sophisticated the program needs to be [1] . Programs range from spreadsheets that use simple equations to computational fluid dynamics (CFD) modeling that can take days for a single scenario evaluation [1] . The answer is that it depends on the complexity of the design, the time the analysis is being performed and the desired results [1]. In the conceptual stage, simple models can be used, but as the design details increase, the complexity of the consequence analysis frequently also increases [1] [31] .
The Bow-Tie Concept
The Bow-Tie concept is a method used for controlling risks/hazards. The method for building a bowtie involves asking a structured set of questions in a logical sequence [9] . The completed Bow-Tie illustrates the hazard, the undesirable event, the safety events and potential outcomes, and the hazard controls put in place to minimize the risk [9] .
The method involves placing barriers to prevent certain undesirable events from happening [9] . A control can be any measure taken that acts against some undesirable force or intention, in order to maintain a desired state [9] . In the Bow-Tie concept there are preventive barriers (on the left side of the Undesirable Event) that prevent the Undesirable Event from happening [9] . There are also corrective or reactive controls (on the right side of the Undesirable Event) that prevent the Undesirable Event from escalating or resulting into unwanted Outcomes or mitigating the consequence severity of the Outcomes [9] as shown in fig. 1 below. [35] .
Fig1. Bowtie Measures to control threats (Prevention) and measures to control escalation (mitigation)

Risk Assessment Matrix (RAM)
The Risk Assessment Matrix (RAM) is a tool to rank, assess risks and discuss what changes need to be made so that the risk is as low as is reasonably practicable (ALARP) [11] [31] .
Assessing the risk of a particular scenario should be done in sequence, i.e. first the potential consequences are estimated and only thereafter the likelihood of such consequences occurring is assigned [11] . (A scale of consequences from 1 to 5 is used to indicate increasing severity) [11] . After assessing the consequences, the likelihood on the horizontal axis is estimated on the basis of historical evidence or experience that such consequences occurred [11] .
Risks should be reduced to the lowest reasonably practicable level by taking preventative measures, in order of priority. This is what is meant by a hierarchy of control [19] .
Fig2.
A risk assessment matrix chart [43] .
Review of Past Work
Loss of containment models that have been proposed in the last two decades by different authors varied both in the problem and mathematical formulations. Whereas some authors focus on the problem formulation without mathematical back-up, others focus on both but to different extent and dimension with parallel mathematical models. While most authors concentrate on either liquid-or gas-loss of containment models, some other built their models to accommodate both the liquid and gaseous phases of the loss of containment.
[34] have formulated a model on preventing loss of containment using the a fault tree analysis (FTA) with detailed job hazard analysis documentation on how to eliminate or minimize the causes of loss of containment such as substandard design process, mechanical integrity failure, insufficient job-hazard analysis, man-made error, poor implementation of change, unforeseen or sudden events, etc. But there are a number of uncertainties in the model and some variables are poorly known.
[28] have proposed a set of rules for guiding against loss of containment in which problems associated with loss of containment were discussed to some details. The causes and effects of loss of containment were properly x-rayed and this typical approach has worked very well reversing the fire incidents and accidents that were frequent and rampant in the Ricardo gas distribution company in Warri, Delta State. But their proposal has no mathematical model or back-up.
[35] have presented a Loss of containment model for energy in closed systems conduits and harmful (flammable and toxic) chemicals, in which they qualitatively and quantitatively analyzed an entire series of failure cases systematically, to create information on probable severities. The model describes a comprehensive risk, job hazards analysis and their severities with stages on prevention of loss of containments scenarios can be evaluated. However, some of the equations widely used are needed to be improved.
[33] have proposed a rational model for loss of containment detection and hazards reduction. They provided examples of loss of containment events that could have been detected by comparison of process data to simple process models. These incidents include: 1) Overflow of a petroleum storage tank in the 2005 Bunce field incident, 2) Leak in a hydrocracker pre-heater and 3) Leak of heat transfer fluid into a fixed bed catalyst reactor. In these incidents, early detection of the loss of containment would have allowed operators to take actions to prevent or significantly reduce the consequences of the event.
[30], in their on-the-job safety and hazards control systems documentation, have presented a loss of containment model to be put to practice to enable effective reduction of hazards and on-the-job accidents. The model depicts how ineffective consequence management increases on-the-job safety risks and hazards and can aid loss of containment (LOC) incidents, and presents an example of how to track and identify weaker consequence management characteristics, the consequence managementrelated problems, root causes etc using consequence management characteristic data obtained during incident investigations. The effectiveness of their model is dependent on its application and back-up from consequence management related programs in order that on-the-job Safety risks and hazards control system necessities are rigorously carried-out day-to-day at every stage in the industry. But consequence management program-related issues keep on aiding Loss of Containment (LOC) incidents, since they are not normally addressed during root cause analysis.
In this work, unlike most of the surveyed work, a stepwise logical and coherent model is presented to adequately assess the risks associated with loss of containment by identifying, recognizing, classifying and ranking of its hazards to enable its consequences evaluated for prevention, mitigation and apportioning appropriate compensation to the extent of damages done, should loss of containment occur after all measures put in place to avert it.
METHODOLOGY
From the onset and foregoing, we have been able to identify and recognize the hazards associated with loss of containment. This section gives  A detailed description of the modeling and simulation used for estimating the hazards effects for the risk assessment and the consequence evaluation of loss of containment of crude oil; a quantitative model adapted from Dow Chemical Exposure Index for a toxic and a flammable fluid [36] .
 The classification of hazards consequences
 The ranking of the consequences.
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The Model Formulation
In outline, the model comprises the following stages: 11. Calculate number of injuries and fatalities.
12. Calculate hazard rank.
The stages of the model are given here in details.
Select Scenario
The purpose of scenario selection is to determine which process piping or equipment has the greatest potential for the release of significant quantity [2] of crude oil. E.g.
Process Pipes
Rupture of the largest diameter process pipe as follows:
 For smaller than 50mm diameter -full bore rupture [2] i.e.
 For 50 to 100mm diameter pipe -the rupture diameter is equal to 50mm i.e [2]
 For greater than 100mm diameter -rupture area equal to 20% of pipe cross section area [2] i.e
Hoses
Full bore rupture [2].
Pressure Relief Devices Relieving Directly to the Atmosphere
Calculated total release rate at set pressure. Refer to pressure relief calculation or contact process engineering. All material released is assumed to be airborne [2].
Vessels
Rupture based on largest diameter process pipe attached to the vessel using pipe criteria above [2].
Tank Overflows and Spills [2]
6. Others
Scenarios can be established based on the plant's or technology's experience, they can be the outcome of a review or derived from hazard analysis studies. They can also be based on the experience of another technology if the event could occur in this unit [2] . Contact Process Engineering for special cases that may include reactivity or mixtures [2].
Releases from all scenarios are assumed to continue for at least five minute duration [2] . If a release is instantaneous or exceeds the total inventory within this duration, the release rate is calculated by dividing the total inventory by five minutes [2].
Calculate Emissions
Equations are given for mass flows of gas and of liquid. It is necessary, however, to take into account also the inventory and the period of release. The total mass released should not exceed the inventory.
And there may be a time limit to the period of the release.
3.1.2a Calculate Emission (gas)
The following equations, based on the sonic gas flow rate equation, are used to estimate the airborne quantity (AQ) for a gas release [2] .
(Kg/sec)
3.1.2b. Calculate Emission (liquid):
Calculate mass of liquid released
The total amount of material contributing to the pool formation must be estimated in order to determine the pool size [4] . If a release is large enough to empty a vessel in less than 15 minutes (including very large releases that occur in less than 5 minutes), the mass of liquid entering the pool is the total inventory of the vessel [4] . For a longer duration continuous release (one lasting more than 15 minutes) the pool is assumed to reach a final size after 15 minutes [4] . In this case, the mass determining the pool size is the release rate times 15 minutes (900 seconds) [4] .
The total liquid release ( ) is the tank inventory (the tank is emptied in less than 15 minutes) or given by [4] : (Kg)
Compare the calculated to the inventory of the system involved in the release [4] . The total liquid assumed to be involved in the release is taken as the smaller of these two values [4] . = smaller of calculated or system inventory
Calculate flash fraction
Compare the operating temperature of the liquid to its normal boiling point. If the temperature is less than the normal boiling point, the flash fraction is zero [2] . If the temperature is greater than the normal boiling point, calculate the fraction flashed (Fv). The fraction of the liquid that will flash (Fv) when released is given by [4] : 
Calculate pool size
The total mass of liquid entering the pool (Wp) is given by [2]:
Please note that if none of the material flashes [4] , Kg/sec
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Condition 1
If the liquid is at or above ambient temperature but below its normal boiling point, the characteristic pool temperature is equal to the operating temperature [2]. i.e.
Condition 2
If the liquid is at or above its normal boiling point, the characteristic pool temperature is the normal boiling point of the liquid. The normal boiling point is the boiling point of the liquid at atmospheric pressure [2].
Calculate total airborne quantity
The total airborne quantity (AQ) is calculated by:
If the total Airborne Quantity (AQ) is greater than the liquid flow rate (L), set AQ = L [2].
Kg/sec
3.1.9a. Calculate hazard distances and injury/fatality areas (toxic release)
The Hazard Distance (HD) is the distance to the ERPG-1, -2 or -3 concentrations and is derived from the following equation [2] : m This is the basic Dow hazard distance.
Use is made of the EPRG-3 value. The EPRG-3 value is the concentration to which virtually all persons could be exposed for one hour without life-threatening effects [2].
What is required, however, is the concentration which has, say, 50% probability of fatality for 5-10 minutes exposure. It is necessary therefore to increase the concentration, both to allow for the shorter time of exposure and to adjust the toxic effect from injury to fatality. Use is made of a factor of 10 for time adjustment for concentration so that m Likewise, in order to allow for the fact that a concentration which is fatal is higher than one which is no more than injurious, use is made of another factor of 10 for effect adjustment from injury to fatality so that: m 
Basic works population density
For the basic works population density use is made of a value of persons .
Effect of escape/shelter
It is not realistic to assume that if a hazardous release occurs, persons affected will remain in the path of the cloud. They will seek to escape. This is particularly so for the relatively small releases which are of principal concern here. In some cases they will escape into, or already be in, shelter. It is assumed that for toxic gas clouds the probability of no escape/shelter is 1 in 30. This effect will be taken into account by dividing the population density by 30 or in other words using an escape/shelter mitigation factor E = 0.033. The effective population density after allowance for escape/shelter is:
3.1.10b. Calculate appropriate population density (flammable release)
Basic works population density
The same population density is used as for the toxic release case, namely persons .
Effect of escape/shelter
Again it is necessary to allow for escape/shelter. It is assumed that for toxic gas clouds the probability of no escape/shelter is 1 in 10 so that E = 0.1. This value is higher than that proposed for toxic release. One reason is that toxics tend to give more warning by odour. Another is that whereas a toxic cloud is always harmful, a flammable cloud is so only when ignited, which occurs only in a small proportion of cases. Thus people tend more often to try to stop it and so expose themselves. When ignition occurs, the flame tends to spread rapidly through the cloud. The effective population density after allowance for escape/shelter is:
Effect of ignition
With a flammable cloud there is a further factor, the probability of ignition. For a gas leak this probability increases with the size of the leak. A graph is given in Lees. The line can be fitted by the equation
This equation covers the range of emission rates up to . Most emissions of interest here will be within this range. However, for present purposes extrapolation of the equation to higher flows is probably acceptable. The effective population density adjusted for cloud ignition is
3.1.11a. Calculate number of injuries and fatalities (toxic release)
The number of injuries is then:
And fatalities:
3.1.11b. Calculate number of injuries and fatalities (flammable release)
Only fatalities are considered. The number of fatalities is:
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Hazard Classification and Ranking Scheme
Hazard classification and ranking scheme of [38] [32] . the basis of this table is as follows. The injury range values for Ranks 1-3 are an approximate encoding of the severity categories of [38] . The fatality range values for Ranks 1-3 are one tenth of the injury values and those for Ranks 4-5 are an approximate encoding of these authors' categories. It is intended that the rank be determined both using injuries and using fatalities, where both have been calculated, and that if there is a difference of rank, the higher be used.
Data Collection
The parameters needed for the simulation of the particular scenario given below were obtained from the field based library office of the Nigerian Petroleum Development Company Limited (NPDC), Olomoro oil field.
Extract
In an emergency facility shutdown due to community interface relation issues, crude oil was temporarily and unintentionally accumulated in a horizontal low pressure (LP) separator whose diameter is 20inch and length 60inch at normal vapour pressure and surrounding temperature of 30C. After three days, the 2inch outlet line of the LP separator has broken. The required information of the LP separator is: 
Classification of Injuries and Fatalities
Classification of injury for toxic release
For the toxic release, the injuries are classified as severity 5, catastrophic consequences.
Classification of fatalities for toxic release
For the toxic release, the fatalities are classified as severity 5, catastrophic consequences.
Classification of fatalities for flammable release
For the flammable release, the fatalities are classified as severity 3, major consequences.
Therefore, for the entire loss of containment, we use the highest classification which is severity 5, catastrophic consequences.
Ranking of Consequences
The injuries for toxic release are ranked 5.
The fatalities for toxic release are ranked 5.
The fatalities for flammable release are ranked 3.
The highest of the ranking prevails; therefore the rank for the entire loss of containment is 5.
CONCLUSION
Based on the methodology employed in this paper for risk assessment and consequence evaluation;
 Process safety and risk management in the petroleum industry can achieve their goal of seeking authentic measures to prevent, mitigate or checkmate loss of containment.
 Appropriate compensation in line with gravity of damage(s) resulting from any incidents of loss of containment could be ascertained from classified and ranked consequences.
